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ABSTRACT
Various aldoximes and ketoximes were selectively reduced to the
corresponding amines by catalytic transfer hydrogenation employing low
cost magnesium powder and ammonium formate at room temperature.
Many other functionalities such as halogens, –OH, –OCH3, –COOH and
–CH3 remained unaffected. The hydrogenation is fast, mild, clean, cost
effective and high yielding.
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The conversion of carbonyl derivatives to amines via oximes is a useful
transformation in the synthesis of numerous organic compounds and key
intermediates in the biosynthesis of many pharmacological important com-
pounds.[1,2] In comparison, the corresponding reactions of C55N bonds have
been studied much less. Although the addition to the C55N bond of imines,
hydrazones and oximes are well known,[3] the development of such reaction is
often limited by the poor electrophilicity of the C55N carbon atom. Numerous
new reagents have been developed for the reduction of oximes to amines
including NaBH4,[3,4] LiAlH4
[5,6] and indium/acetic acid.[7] Though some of
these are widely used, still they have limitations based on chemo-selectivity
and economic considerations. Catalytic hydrogenation is also commonly
used,[8,9] although the success of reaction is sensitive towards catalyst, solvent
and substrate. Further, catalytic hydrogenation employs highly diffusible, low
molcular weight, flammable hydrogen gas and requires pressure equipment.
Electrolytic reduction of oximes to amines, in acid solution is also reported[10]
but this system offers very low yield.
There has been growing interest in the use of metals in synthetic
chemistry. Zinc,[11] indium,[12] tin,[13] magnesium[14 – 18] have been used in the
synthesis of many organic compounds. The utility of magnesium for the
synthesis of pinacols,[14] silaspiro compounds[15] has been demonstrated.
Further, the magnesium-mediated reduction of aromatic nitro compounds,[16]
Barbier reaction[17] and in situ Grignard reactions[18] has also been demon-
strated. The application of ammonium formate[19,20] in the field of catalytic
transfer hydrogenation for the reduction of variety of organic compounds and
in the synthesis of peptides is peer reviewed.
Nowadays, the heterogeneous catalytic transfer hydrogenation method
has proved to be a potent choice for reduction of organic compounds over
traditional hydrogenation or other methods of reduction as it involves mild
reaction condition, easy work-up and high degree of selectivity.[19 – 24] Earlier
reports reveal that catalytic transfer hydrogenation of oximes to amines had
been achieved with systems like ammonium formate/10% Pd/C,[23] cyclo-
hexene/10% Pd/C.[24] But these systems require long reaction times as long
as 5–10 hours at reflux temperature, expensive catalyst and also offer very low
yield. Moreover, stringent precautions must be taken while employing
palladium on carbon because of its flammable nature in presence of air.
Recently, we have explored the utility of magnesium powder and hydra-
zinium monoformate; a new hydrogen source for deblocking some commonly
used protecting groups in peptide synthesis.[25] Herein we report a rapid,
selective and simple reduction of oximes to the corresponding primary amines
by using low cost magnesium powder and ammonium formate at room
temperature as depicted in the Scheme 1. Various other functionalities like
halogens, –OH, –OCH3, –COOH and –CH3 are tolerated.
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The results given in the Table 1 reveal the viability of using Mg/
HCOONH4 system for the reduction of oximes. The course of reaction was
monitored by TLC and IR spectra. The work-up and isolation of the products
were easy. Thus, the oximes reduced (few examples are listed in the Table 1)
by this system were obtained in good yield. The products were characterized
by comparison of their boiling points or melting points, TLC and IR spectra
with authentic samples. The disappearance of strong absorption bands
between 1690–1640 cm21 due to C55N stretching and between 3650–
3500 cm21 due to O–H stretching and appearance of two strong absorption
bands between 3500–3300 cm21 of –NH2 group clearly show that the oximes
were reduced to corresponding primary amines.
A control experiment was carried out using oximes with ammonium
formate, but without magnesium powder does not yield any reduced product
and the starting material is recovered in 100%. This confirms the role of
magnesium as catalyst. The reaction was also carried out for several hours
with ammonium chloride instead of ammonium formate expecting an efficient
reduction, but the yield is very low. Further, we observed that in the case of
nitro oximes, the nitro group at aryl residue and also oxime group underwent
reduction to yield respective diamine product at room temperature.
In summary, the reduction of oximes can be accomplished in a short time
with magnesium powder instead of expensive catalyst like palladium[23,24] at
room temperature and many other functionalities are tolerated. The yields are
almost quantitative and the compounds analytically pure. This magnesium-
catalyzed procedure provides a very efficient, inexpensive, mild, and general
methodology for reduction of oximes to amines.
EXPERIMENTAL
Materials
The oximes were either commercially available or prepared from the
corresponding carbonyl compound by standard methods. In cases where the
oxime was obtained as an E/Z-mixture, no attempts were made to separate
such mixtures and they are used as such for the reduction. Magnesium powder
Scheme 1. R1, R2 ¼ H or alkyl or phenyl or substituted phenyl group.
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was purchased from SISCO Research Laboratories Pvt. Ltd., Bombay (India)
and was treated with 0.01 N hydrochloric acid for about 2 min. It was filtered
through a sintered glass funnel and washed with water, dry methanol and dry
ether. Thus obtained magnesium was vacuum dried and stored. Ammonium
formate and 60–120-mesh silica gel (for column chromatography) were
purchased from E. Merck (India) Ltd. All of the solvents used were analytical
grade or were purified according to standard procedures. Thin layer
chromatography was carried out on silica gel plates obtained from Whatman
Table 1. Magnesium-catalyzed reduction of oximes to amines using ammonium
formate.
1/2 R1 R2
Time
(min)
Yielda
(%)
Boiling point
Ref.Found Literature
a Ph H 38 91 182–184 185 [26]
b Me H 40 66b 166c 165 [26]
c Me Me 42 64b 152c 150 [26]
d Ph Me 40 89 184 184–186 [27]
e Ph Ph 45 93 295–296 295 [26]
f p-(OH)C6H4CH2 Me 52 92 123
c 125–126 [27]
g p-(OCH3)3C6H4 H 55 85 236 236–237 [26]
h 3,4,5-(OCH3)C6H2 H 52 84 122 121 [26]
i p-(Cl)C6H4 H 32 94 212–214 215 [26]
j d d 50 81 157–159 158–160 [26]
k e e 55 79 135 134 [26]
l f f 52 88 100 101 [26]
aIsolated yields are based on single experiment and the yields were not optimized.
bLow yield is due to low boiling point of the product and are isolated as their
hydrochloride salts.
cMelting point.
d
e
f
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Inc. The melting points were determined by a Thomas–Hoover melting point
apparatus and are uncorrected. IR spectra were recorded on a Shimadzu FTIR-
8300 spectrometer.
Typical Procedure
To a solution of the substrate (10 mmol) in methanol or in any other
suitable solvent (20 mmol) was added ammonium formate (30 mmol) and
magnesium powder (1 g, 0.041 mol). The mixture was stirred under nitrogen
atmosphere at room temperature. The reaction was exothermic and
effervescent. After the completion of reaction (monitored by TLC), the
reaction mixture was filtered through celite. The organic layer is evaporated
and the residue was dissolved in chloroform or dichloromethane or ether and
washed with saturated sodium chloride solution to remove excess ammonium
formate. The organic layer was dried over anhydrous sodium sulphate and
evaporation of the organic layer followed by purification either by
preparative TLC or by column chromatography to yield the desired product.
In order to obtain the volatile aliphatic amines in good yield, the reaction
was carried out using a condenser cooled with ice water and the reaction flask
immersed in a cold-water bath. After filtration, the reaction mixture was
neutralized with HCl. The solvent was evaporated under reduced pressure.
The residue was lyophilized or subjected to column chromatography by using
60–120 mesh silica gel and a suitable eluting system [50 : 50 chloroform : -
benzene (for entry 2e), 60 : 40 chloroform : benzene (for entries 2a & 2d),
80 : 20 chloroform : benzene (for entry 2j), 90 : 10 chloroform : benzene (for
entry 2k), 80 : 20 chloroform : methanol (for entries 2b & 2c), 85 : 15
chloroform : methanol (for entries 2f & 2g), 90 : 10 chloroform : methanol
(for entry 2i), 95 : 5 chloroform : methanol (for entries 2h & 2l)]. Aliphatic
amines were obtained as their hydrochloride salts in up to 65% yield.
ACKNOWLEDGMENT
The authors wish to thank University Grants Commission, New Delhi,
India for providing financial assistance.
REFERENCES
1. Carr, D.; Iddon, B.; Suschitzky, H. Synthesis and some reactions of
3,4,5,6-tetrahydro-3,6-diemthyl-2,6-methano-3-benzazocin-1(2H-one2,5-
Reduction of Oximes to Amines Using Ammonium Formate 603
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 M
ys
or
e ]
 at
 23
:06
 14
 A
pr
il 2
01
3 
ORDER                        REPRINTS
dimethyl-8-oxo-67-benzomorphan). J. Chem. Soc. Perkin Trans. 1. 1980,
2374–2379.
2. Herscovici, J.; Egron, M.J.; Antonakis, K. Preparation of 40-amino
hexopyranose nucleosides an approach to amino nucleoside antibiotics.
J. Chem. Soc. Perkin Trans. 1. 1988, 1219–1226.
3. Hutchins, R.O.; Hutchins, M.K. Reduction of C55N to CHNH by metal
hydrides. In Comprehensive Organic Synthesis; Trost, B.M., Fleming, I.,
Eds.; Pergamon Press: Oxford, 1991; Vol. 8; 60–70.
4. Demir, A.S.; Tanyeli, C.; Sesenoglu, O.; Demic, S.A. Simple NaBH4 in
presence of transition metal compounds. Tetrahedron Lett. 1996, 37,
407–410.
5. Diab, Y.; Laurent, A.; Mison, P. Synthesis d’aziridines secondaires cis
disubstituees. Tetrahedron Lett. 1974, 17, 1605–1607.
6. Rahman, M.A.; Fraser-Reid, B. Actinobolin via the anomeric effect.
J. Am. Chem. Soc. 1985, 107, 5576–5578.
7. Pitts, M.R.; Harrison, J.R.; Moody, C.J. Indium metal as a reducing agent
in organic synthesis. J. Chem. Soc. Perkin Trans. 1. 2001, 9, 955–977.
8. Cipolla, L.; Lay, L.; Nicotra, F.; Panza, L.; Russo, G. First synthesis of
the phosphono analogue of N-acetyl-a-D-mannosamine 1-phosphate.
J. Chem. Soc. Chem. Commun. 1995, 1993–1994.
9. Booker-Milburn, K.I.; Dunkin, I.R.; Kelly, F.C.; Khalaf, A.I.;
Learmonth, D.A.; Proctor, G.R.; Scopes, D.I.C. Azabenzocyclohepta-
nones. Part 20. Synthesis and utilization of 4-amino-1,2,3,4-tetrahydro-
1(1H)-benzazepines. J. Chem. Soc. Perkin Trans. 1. 1997, 3261–3273.
10. Popp, F.D.; Schultz, H.P. Electrolytic reduction of organic compounds.
Chem. Rev. 1962, 62, 19–40.
11. Ranu, B.C.; Majee, A.; Das, A.R. A convenient synthesis of b,g-
unsaturated ketones through zinc-mediated allylation of acid chlorides.
Tetrahedron Lett. 1996, 37 (7), 1109–1112.
12. Ranu, B.C.; Dutta, P.; Sarkar, A. Indium promoted reductive
homocoupling of alkyl and aryl halides. Tetrahedron Lett. 1998, 39 (57),
9557–9558.
13. Zhou, J.Y.; Chen, Z.G.; Wu, S.H. Tin promoted stereocontrolled
intramolecular allylation of carbonyl compounds: a facile and stereo-
selective method for ring construction. J. Chem. Soc. Chem. Commun.
1994, 24, 2783–2784.
14. House, H.O. Dissolving metal reductions and related reactions. In Modern
Synthetic Reactions; Bartlett, P.D., Curtin, D., Johnson, W.S.,
Roberts, J.D., Woodward, R.B., Eds.; Benzamin, Inc.: USA, 1972;
145–227.
15. Salomon, R.G. A fecile one-step synthesis of 5-silaspiro [4,4]nona-2,7-
diene. J. Org. Chem. 1974, 39 (24), 3602.
Abiraj and Gowda604
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 M
ys
or
e ]
 at
 23
:06
 14
 A
pr
il 2
01
3 
ORDER                        REPRINTS
16. Prajapathi, D.; Borah, H.N.; Sandhu, J.S.; Ghosh, A.C. Ammonium
sulphate–magnesium promoted selective reduction of aromatic nitro
compounds. Synth. Commun. 1995, 25 (24), 4025–4028.
17. Blomberg, C.; Hartog, F.A. The barbier reaction—a one-step alternative
for syntheses via organomagnesium compounds. Synthesis 1977, 1,
18–30.
18. Merker, R.L.; Scott, M.J. Grignard reactions of polyhalocarbons. In situ
grignard reactions of carbon tetrahalides with organochlorosilanes. J. Org.
Chem. 1964, 29 (4), 953–955.
19. Johnstone, R.A.W.; Wilby, A.H.; Entwistle, I.D. Heterogeneous catalytic
transfer hydrogenation and its relation to other methods for reduction of
organic compounds. Chem. Rev. 1985, 85, 129–170.
20. Ram, S.; Ehrenkaufer, R.E. Ammonium formate in organic synthesis: a
versatile agent in catalytic transfer hydrogenation. Synthesis 1988, 1,
91–97.
21. Gowda, S.; Gowda, D.C. Application of hydrazinium monoformate as
new hydrogen donor with raney nickel; a facile reduction of nitro and
nitrile moieties. Tetrahedron 2002, 58 (11), 2211–2213.
22. Gowda, D.C.; Gowda, A.S.P.; Baba, A.R.; Gowda, S. Nickel-catalyzed
formic acid reductions, a selective method for the reduction of nitro
compounds. Synth. Commun. 2000, 30 (16), 2885–2889.
23. Jnaneshwara, G.K.; Sudalai, A.; Deshpande, V.H. Palladium catalyzed
transfer hydrogenation of azo compounds and oximes using ammonium
formate. J. Chem. Res. (S). 1998, 3, 160–161.
24. Brieger, G.; Nestrick, T.J. Catalytic transfer hydrogenation. Chem. Rev.
1974, 74, 567–580.
25. Gowda, D.C. Magnesium/hydrazinium monoformate: a new hydrogen-
ation method for the removal of some commonly used protecting groups
in peptide synthesis. Tetrahedron Lett. 2002, 43, 311–313.
26. Vogel, A.I. Text Book of Practical Organic Chemistry, 5th Ed.; Revised
by Furniss, B.S., Hannaford, A.J., Smith, P.W.G., Tatchell, A.R., Eds.;
Addison Wesley Longman Limited: UK, 1997; 1298.
27. Budavari, S, Ed.; The Merck Index, 11th Ed.; Merck & Co. Inc.: USA,
1989.
Received in the USA August 14, 2003
Reduction of Oximes to Amines Using Ammonium Formate 605
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 M
ys
or
e ]
 at
 23
:06
 14
 A
pr
il 2
01
3 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Request Permission/Order Reprints
 
Reprints of this article can also be ordered at
http://www.dekker.com/servlet/product/DOI/101081SCC120027707
Request Permission or Order Reprints Instantly! 
Interested in copying and sharing this article? In most cases, U.S. Copyright 
Law requires that you get permission from the article’s rightsholder before 
using copyrighted content. 
All information and materials found in this article, including but not limited 
to text, trademarks, patents, logos, graphics and images (the "Materials"), are 
the copyrighted works and other forms of intellectual property of Marcel 
Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 
Get permission to lawfully reproduce and distribute the Materials or order 
reprints quickly and painlessly. Simply click on the "Request Permission/ 
Order Reprints" link below and follow the instructions. Visit the 
U.S. Copyright Office for information on Fair Use limitations of U.S. 
copyright law. Please refer to The Association of American Publishers’ 
(AAP) website for guidelines on Fair Use in the Classroom.
The Materials are for your personal use only and cannot be reformatted, 
reposted, resold or distributed by electronic means or otherwise without 
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 
 
 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 M
ys
or
e ]
 at
 23
:06
 14
 A
pr
il 2
01
3 
